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A~STRACT 
The work in this research project was aimed at designing a 
Downhole Electromagnetic Shear Wave Generator capable of delivering 
a wide frequency band, random, continuous signal. This Exciter was 
built using a compressed-air driven piston assembly for downhole 
application. 
The device was tested in the laboratory in a concrete test 
facility. It proved to be capable of transmitting a continuous, 
measurable stress into the concrete in a 100 to 5,000 hertz frequency 
band. 
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Chapter I 
INTRODUCTION 
For many years, there has been much interest among the members 
of the Geophysics Industry in methods of studying the high frequency 
response of rocks. Many feel that by completely "fingerprinting" a 
rock type with a characteristic frequency response curve, a more 
effective exploration tool may be developed. 
When considering the design of a wave source, capable of 
providing high frequency energy to the subostratum, one must 
consider a device capable of application below the surface. The 
requirement for an underground, or downhole, source is due to the 
low band pass filter characteristics of the overburden or weathered 
layer. 
A further requirement for an effective tool is that it be 
capable of delivering a continuous random signal in a broad band 
of frequencies. The advantage of a large band width of a random 
signal is that such a signal is less correlatable in time. This 
implies that by means of cross-correlation (time averaging) of the 
input with the output, one can distinguish that energy that reaches 
a point in space directly (shortest travel time) from energy that 
is reflected from a boundary and reaches the point at a later time. 
In addition, the higher the frequency of the input, the greater 
the resolution of boundaries and other inhomogeneities in the space 
under study. 
It becomes apparent, then, that with the input from a continuous, 
random wave source, and with cross correlation and other mathematical 
techniques of Communication Theory, a desirable analysis of the 
propagation properties of rocks can be preformed. 
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Such a device, known as an Electrodynamic Random Shear Wave 
Exciter is shown in Plates I and II. This vibration source was 
designed to produce a continuous random signal for downhole application. 
Referring to Plate II, this device consists basically of three 
parts: A magnetic circuit, a vibration mass-spring system, and an 
inhale suspension system. 
The magnetic circuit consists of an iron shell containing a 
set of two direct cUFrent field coils and an alternating current coil, 
attached to the mass-spring system. 
The mass-spring system is composed of a movable shaft attached 
to the body of the exciter at each end by a flat disc spring. Wound 
on the center of the shaft is the AC coil. It is the interaction of 
the magnetic fields of the DC and AC coils that creates the vibratory 
motion of the shaft. 
The suspension system is designed to hold the device in position 
and to provide an energy transfer mechanism between the vibrator and 
the wall rock. This system consists of two cylindrical chambers, 
each containing seven piston-gripper plate assemblies. These air 
chambers are sealed with a top plate and each is connected to the 
coil chamber with an iron bracket. This connecting bracket not only 
holds the air chamber, but also, it provides a guide for the vibrating 
shaft. 
The design and testing of this device was divided into two 
significant areas. 
That part, dealing with the construction and testing of the 
magnetic circuit and the creation of the force of vibration~is 
discussed in the Master's thesis entitled, "The Design and Testing 
of a Downhole Continuous Wave Generatorn by Mr. Cole L. Smith 
(University of Missouri-Rolla, 1968), Co-worker on the project. 
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The design and testing of the rest of the shaker, which includes 
the suspension device and the mass-spring system, is the topic of 
my research, the results of which are contained herein. 
During the last thirty years, there have been several attempts 
to design a system capable of providing a controlled input wave over 
a broad frequency band. In general, all attempts failed to provide 
a signal that was both continuous and of very high frequency content. 
In a notable field experiment~ Howell, Kean and Thompson 
designed an electrodynamic vibrator for downhole use. Their coupling 
was by means of a plate resting on the bottom of the borehole 
(Figure 1). Energy was retained in the rock by covering the plate 
with water or mud. This arrangement allowed measurable displacements 
to be recorded at distances of up to one thousand feet from the source. 
The effective frequency range was from twenty hertz to fourteen 
hundred hertz. Maximum response was attained at a frequency of 
about four hundred hertz by means of an energy burst one-tenth of 
a second in duration. This type of in-hole application of energy 
was very useful and yielded some significant results; however, its 
discontinuous nature makes it undesirable for application to the 
noise separation and time averaging techniques of Communication Theory1 . 
Figure 1. Design of the Electrodynamic Vibrator used in 
the experiment by. Howell, Kean and Thompson. 
Other notable experiments involving vibratory sources were 
conducted by Evison and by Crawford. Evison2 was concerned with a 
4 
high resolution, controlled waveform source for shallow prospecting 
on the surface or in a mine. 3 The system described by Crawford , 
~= 
now a widely used tool in the Geophysics Industry~ called Vibroseis , 
is a high power, low frequency source for surface application. Both 
Evison's and Crawford's devices provide discontinuous or very short 
duration pulses which are unsatisfactory to detailed study of rock 
properties. 
* Registered Trade Mark of Continental Oil Company 
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In more recent experimentation, Cherry and Waters discuss a 
revision of Crawford's machine to produce a shear wave. Their first 
sled mounted device prompted development of a large servohydraulic 
horizontal vibrator4 . 
This latter vibrator is described by Erickson, Miller and Waters. 
They demonstrated that a hydraulically actuated shear wave source, 
satisfactory for exploration, had been built. Their device was 
similar to Crawford's Vibroseis except that the plane of vibration 
was a downward propagating shear wave. 
Although the device was frequency limited by the type of 
actuating equipment and by the surface layer, their results are 
significant here in that they proved that a low frequency shear wave 
5 
could be detected as deep as eleven-thousand feet • 
It becomes apparent that little work has been done toward the 
development of a controlled input seismic source capable of a 
long-duration, continuous signal of sufficient strength and frequency 





Several factors must be considered in the design of a suspension 
system for an electrodynamic vibrator. 
In the first place, the system must be capable of supporting a 
large amount of weight. The magnetic circuit of the exciter with 
its large field coils and iron casing will be quite heavy. This 
mass must be suspended very rigidly from the wall rock to avoid 
sliding or turning and a resultant loss of energy through frictional 
dissipation. In effect, the large mass of the coil-suspension system 
must become "part" of the enclosing wall rock. This firm connection 
will assure proper transmission of energy into the surrounding strata. 
Second, the system must be capable of transmitting very high, 
as well as very low frequencies. Any loss due to the transmission 
process to the rock, must be held at a minimum. 
Third, the suspension system must be removable from the borehole. 
The design therefore must incorporate,c;some sort of expansion-retraction 
device. 
Fourth, the suspending device must be compact enough to be 
easily lowered into and removed from a borehole. 
Considering the problems involved, the basic design for the 
suspending device is that of a cylindrical air chamber with compressed-
air driven pistons to make the contact with the wall of the borehole. 
A maximum radius of seven inches was chosen since this size shaker 
could be easily maneuvered in and out of an eight inch borehole. This 
size hole is the largest diameter readily available in the vicinity 
of Rolla. 
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The suspension system as shown schE<.matically in Plate II and 
as pictured in Plate III, consist of six types of components. These 
are: the air cylinder, seven gripper plates, twenty-one pistons, a 
top plate, spring retracting devices, and 11 011-ring seals. 
The shell of the suspension system is shown in Plate IV, 
Appendix A. It is simply a sev;en inch diameter cylinder of aluminum 
in which the center has been bored out to make an air chamber. 
Centered at equal intervals of 51° 25 1 42 11 are seven notches cut 
in the outside of the cylinder. These notches are each three-quarters 
of a:o inch deep and run almost the entire length of the cylinder. 
Each·of the notches is bored with three one-inch diameter holes, 
one-half inch apart. These holes extend through to the air chamber. 
The notches and holes are constructed to receive the piston 
q.ssembly. The notches are spaced at such an angle around the circumference 
of the shell that no two piston assemblies are opposite each other. 
This arrangement allows for a maximum amount of holding £orce to be 
transmitted to the wall of the borehole. 
Each of the seven notches is fitted with a gripper plate 
(Plate V). It is this plate that makes actual contact with the wall 
rock. Mounted on each of the total €lf fourteen gripper plates are 
three pistons of one-inch diameter (Plate VI). These pistons are 
then inserted in the holes in the aluminum shell and are sealed with 
"0"-rings to prevent air leaks. Each of the gripper plates is then 
p;r>essed against the sides of the borehole by the force on the piston 
faces in the air chamber. A spring is attached to the pistons and 
to a center ring in the chamber so that when the pressure is released, 
the pistons and gripper plate will withdraw (Plate 3). 
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Each of the gripper plates is allowed to extend only one-half 
of an inch due to the confinement of the borehole. Since each of 
the plates is three-quarters of an inch deep, there will be a one-
quarter inch overlap in the machine. This overlap serves the dual 
purpose of preventing sand and debris from falling behind the gripper 
plates when they are extended and of allowing an additional contact 
between the shell and the plates. 
Each of the gripper plates are grooved on the surface to allow 
a firmer contact with the wall rock. These chisel-like grooves are 
designed to dig into the wall of the borehole to prevent slippage 
during operation of the shaker. 
The pistons, twenty-one to each of the two suspending units, 
are mounted three to each gripper plate. Each of the pistons is 1.7 
inches in length and has a radius of one-half inch. This radial 
measurement is milled to within one mil (0.001 inch). Close tolerances 
here insure a tight fit with the piston walls. Since the transfer of 
energy to the wall rock is through this piston assembly, it is vital 
to maintain a minimum air gap between the pistons and the walls to 
prevent unwanted filtering of high frequency energy. 
The pistons are sealed with tight fitting "Ou-rings. These 
hard rubber rings form a moving seal which allows expansion and 
retraction of the pistons without any air pressure loss. The rings~ 
once in place, are capable of withstanding static pressures far 
above the operating range of this device. 
Each piston has a surfa€e area of 0.78 square inches. This 
gives a total surface area for the twenty-one pistons of 16.38 square 
9' 
inches. FGr a pressure of one hundred pounds per square inch, 
which is easily obtained from a bottle of compressed nitrogen, the 
holding forae in pounds, for one air chamber is 1638 pounds. By 
using this suspension device at both ends of the exciter, the holding 
force achieved is in excess of 3200 pounds. 
By assuming the gripper plates sink ten mils (0.01 inch) into 
the surface of the wall rock, then the total area of contact between 
plates and rock can be estimated at about four square inches. This 
would give an applied local force on the wall rock of about 800 
pounds per square inch for a holding chamber pressure of 100 pounds 
per square inch. 
This implies that at the determined operating pressure of 325 
pounds per square inch, the holding force is very near the compressive 
strength ef most rock which averages about 2,500 pounds per square 
inch. Probably, then, there will be some local deformation of the 
wall rock at each point of contact under operating pressures. 
The aluminum air chamber is closed by a cap plate (Plate VII). 
The contact between the air chamber and the cap plate is sealed by 
a large diameter "0"-ring. This cap plate is bored in its center 
to receive the shaft from the vibrator part of the machine. The 
hole for the shaft is counterbored on the bottom to allow for the 
lip of a teflon guide which is inserted between the shaft and the 
cGnnecting bracket (Plate II). This counterbore allows for anchoring 
the teflon and aids in sealing the air chamber. 
The top of the cap plate is drilled to receive a circular plate 
•spring. This spring (Plate VIII) will be discussed later. 
The cap is bolted to the air chamber using seven 5/16 inch 
National-Fine thread bolts. The spring is bolted using eight 7/32 
inch National-Fine thread bolts. 
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The cap plate and the air cylinder are both grooved to receive 
the air line from the air chambers and the wires from the coils. 
These grooves for the wires are fitted with covers to protect the 
wires while the device is in operation. 
Finally, bolted to the top plate is a hoist (Plate IX) which is 
used to suspend the machine when in use. 
The bottom of the air chamber is bolted to the connecting 
bracket (Plate II) and is sealed with a large diameter "0"-ring. 
Once assembled, the device resembles a seven-inch sealed cannister 
(Plate I). When in place in the borehole, the pistons are extended 
using bottled Nitrogen available up to 2,500 pounds per square inch. 
In order to retract the pistons and gripper plates, when the pressure 
is released, a small spring has been attached to each piston in the 
counterbore shown in Plate VI. These springs are held by a ring in 
the center of the air chamber (Plate III). Due to the drag caused 
by the rubber "O"-rings, it is nece$Sa.J:>Y to use springs with a 
stiffness of at least twenty-seven pounds per inch to retract the 
assembly. In addition, removable limiters were designed to prevent 
the gripper plates from over-extending in case there happens to be a 
cavity in the wall rock. 
The cap plate, as mentioned before, is drilled to receive a 
circular spring (Plate VIII). This spring is the actual connection 
between the vibrating shaft and the body of the shaker. 
lhe spring~ physically, is made of tempered steel 2.5 inches 
in radius. Bolt holes are centered radially forty-five degrees 
apart at 2.2 inches from the cent~r. The thickness of the steel 
spring is varied depending upon the desired spring constant and 
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natural frequency of the system. Four thicknesses were decided upon. 
These are for natural frequencies of the system of approximately 
30, 100, 500 and 1000 hertz. Computation of the thickness of the 
springs for these natural frequencies is as follows: 
The spring constant for the first mode of vibration, for a 
circular spring can he computed hy considering the spring simply as a 
disc clamped at all points of its circumference. Figure 2 shows 
this configuration. 
I. 
Figure 2. Circular spri:gg; .. o.lp.mped ~ al~ng :it~:. ~";ircumf.f?:P§fiCe · 
Computation of k. 
. :, 
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For this problem, the formula for computing the spring constant 
for a single spring is derived from the expression for the natural 
frequency of the first mode of vibration of a circular spring6: 
1'.1' = 4.09 
'l!n (1) 
where 4.09 is determined by the end conditions (clamped), and where 
E is Young's modulus, which for steel is 28.6 x 106 pounds per inch 
squared, t represents the thickness of the beam, a is the diameter, 
and vis Poisson's Ratio which is 0.3 for steel. 
In expression 1, the formula for k is: 
3 2 2 k = 4.09[Et /a (1-v )] 
In order to determine the thickness of the beam required, 
the elastic spring constant must be determined from the desired 
natural frequency, and the mass of the shaft suspended from the 
spring. The required relationship is given by Blake6 as: 
w = vk7iil 
n 
W is the natural angular frequency. 
n 
Solving this expression for the spring constant in terms of 
the natural frequency and equating it with Equation 2 yields an 
expression in terms oft and frequency, both variables, and in 
terms of the constants of the system. 
Solving the resulting equation for the thickness yields the 
expression: 
2 2 






For the s~ing designed for this system, where a is four 
inches and the mass is Q.026 slugs, Equation 4 becomes: 
(5) 
The thickness,, therefore, depends on the natural frequency fn 
desired for the system. Substituting in the four desired frequencies 
of 30 0 100, 500 and 1000 hertz, the resulting thicknesses are: 
~30 = 0.03 inch 
1il00 = 0.067 inch 
t5oo = 0.20 inch 
tlOOO = 0.31 inch 
The frequency response of the system to the input of the coils 
can be computed from the solution to the second degree differential 
equation given by Rainville as the equation describing the motion of 
this single-degree of freedom system. This equation is7 
my (x,t) + cy (x,t) + ky(x,t) ;(f0t) D X Z (6) 
Where m is the mass (0.026 slugs), c is the coefficient of damping, 
k is the spring constant, and f(t) is the forcing function. 
Solution of this equation yields an expression for the dis-
placement y(x,t) in terms of the forcing function, natural frequency, 
stiffness and damping. 
For the first mode of vibration, this relationship is: 
F(t)/k y(x,t) = ------~~~~----------------
{[1-(w/w )2J2 + 41 2Cw/w )2) 112 
n n 
( 7) 
where ;f is the ratio of critical damping given as: 
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3 = c /2v'kiil 
In this expression, c is a characteristic of the material which 
will be dete~ined experimentally later. 
In order to maintain a constant input force during testing, an 
attempt should be made to hold the acceleration constant. Therefore, 
interest is in·the frequ~ncy response of the acceleration instead 
of the displacement. The ratio of accelerations can be found by 
taking the second time derivatives in both y(x.t) and F(t). 
This expression becomes: 
~\x,t) I (x,t)j (8) 
Another important aspect of the spring-mass system is the natural 
frequency of the system. This frequency depends on the mass, m, 
and the spring constant, k. 
Springs were constructed to provide a range of natural frequencies. 
These springs were designed from the principles of a single-degree 
of freedom system already discussed (Figure 3-a). 
The situation of the exciter under consideration is more like 
the two springs, one-degree of freedom system in Figure 3-b. 
It is possible to achieve several different combinations of 
the four spring sets available. This gives a choice of natural 
frequencies. These combinations are listed in Appendix B with the 
computations of the natural frequencies for each combination. 
Single Spring System 
a 
Multiple Spring System 
b 






Designing suitable tests and test procedures for the suspension 
system and associated vibrator is another problem to be considered. 
Tests must determine how closely the Exciter meets the desired 
responses. The ~ajar areas of interest include: 
1) Holding ability of the suspension system. How much holding 
force is necessary to create a static contact between shaker 
and wall rock? 
2) Transmissibility of the pistons. What effect does the 
piston arrangement have on the signal form and content? 
3) Frequeqcy response of the wall rock. In what frequency 
band does the wall rock undergo a measurable deformation? 
In order to accomplish all tests in the laboratory, a test 
facility was constructed of concrete. The outside dimensions are 
about twenty inches by twenty inches by twenty-six inches high. A 
seven and three-quarter inch hole is cast in the center to simulate 
a borehole (Plate X). 
The concrete facility, with a density of 150 pounds per cubic 
foot, weighs nearly 700 pounds. This weight is necessary for 
stability. With a Young's Modulus of 2,350 pounds per square inch8 , 
this concrete block very nearly approximates the properties of an 
actual rock formation. 
Each test is described individually below with the results 
plotted in Appendix C. The necessary support equipment, consisting 
of input devices and vibration pickups are described in detail in 
the paper by Mr. Smith. See Plate XI for the testing configuration. 
A series of tests were run in order to estimate the capabilities 
of the vibrator and to provide initial calibrations of the input. 
Measurements were made with two Kistler Accelerometers. 
Initially, strain gages were to be used, but the gage failed to 
function, probably due to its presence in the high magnetic field 
IDID the DC coils. 
The ~ests of the capabilities of the suspension system involved 
determination of the necessary pressure for constant signal output, 
an investigation of transmissibility across the pistons, proof of 
a single degree of freedom system, and analysis of noise or other 
interference created by the 11 loose" piston contacts. 
The tests were made using the set of 0.07 inch springs and a 
constant input of AC = 50 volts, DC = 33 Amps. These inputs were 
chosen to give a reasonably strong response without undue heating 
in the coils. 
The first result of the six tests is plotted in @raphs l and 2. 
This test was conducted to establish the minimum operating pressure 
for the pistons. This pressure was selected as the point where the 
accelerations measured on the block and the massive element of the 
shaker (i.e., that part of the shaker independent of the moving 
shaft) seemed to remain constant with an increase in pressure. 
Graph 1 represents the response at minimum pressure for each 
frequency. Graph 2 is the pressure required to maintain this response. 
The conclusive result of this test is that a minimum operating 
pressure of 325 pounds per square inch is necessary for a constancy 
in output at all frequencies. The remairlder of the tests were 
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conducted at this minimum pressure of 325 pounds per square inch. 
The next three tests were used to prove that the. system is a 
single-degree of freedom system. 
The results shown in Graph 3 were obtained with the shaker 
suspended by a cable (See Plate XI), out of the block. Those in 
Graph 4 are with the shaker in the block; and those in Graph 5 
represent the response with the shaker and block both suspended off 
the ground by the cable. 
The fact that only ~he amplitude of the response of the massive 
element changes bears up the fact that the system has just one 
degree of freedom (Figure 4-a). Proof of this type system as opposed 
to the multiple degree of freedom system in Figure 4-b is borne out 
by the fact that the resonant peaks remained at the same frequencies. 
Single degree of freedom Two degrees of freedom 
a b 
Figure 4. Two mass-spring systems 
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Were there two degrees of freedom, the removal of any amount on the 
mass and of one of the springs, which is equivalent to removing the 
. 9 
shaker from the block, would produce a shift in resonant frequenc~es 
That this change did not occur implies only one degree of freedom. 
A further implication from the comparison of the three Graphs, 
~. 4, and 5 is that the block appears to be an infinite mass compared 
to the moving element. Were this not the true case, then the 
resonant peaks would be different for the cases of the block and 
shaker suspended and just the shaker suspended alone. Graph 6 
shows that the two responses changed very little. Additionally, 
the agreement of these responses with that of the shaker in the block 
on the ground, seems to indicate that the response is independent of 
the mass of the block. 
If the block is infinite, as it seems to be, then the output 
of the accelerometer fastened to it is not due to the acceleration 
of the block; but instead, it is due to the stress in the block 
(particle acceleration). This is the principle behind the detection 
of the acceleration of a seismic wave in an infinite media like the 
earth. 
The final implication from this data is that the transmission 
of energy across the pistons is a function of the frequency of 
excitation. This result becomes more significant in a later test. 
An important feature of the response curves recorded in these 
tests is the occurance of successive resonant peaks. These peaks 
are a direct function of the type springs used and the defining 
smlution to the differential equation that describes the vibration of 
these springs. 
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For the set of springs under consideration, the first resonant 
peak occurs at 195 hertz. Successive peaks occur at approximately 
every fourth harmonia. That is at 800, 1600, 2400, 3200 and 4000 
hertz. These peaks are most likely successive modes of vibration of 
the spring. 
The fifth test was to determine the damping of the system. This 
is done by exciting the spring-mass sy.stem around the first resonant 
frequency and constructing the response curve. The ratio of critical 
damping is then given as: 
where fh - f 1 is the frequency band between the two half power 
points (0.707 times the peak amplitude). Figure 5 shows this 
1 . h. 9 rE: atlons lp • 
A 
Figure 5. Computation of the damping coefficient.· 
(9) 
For the 0.07 inch spring set, the coefficient of damping, c, 
was found to be 11.~ slugs per second. These computations are 
given in Appendix C with Graph 7. 
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In the final test, the transmission was studied as a function 
of force. The result in Graph 8 gives the ratio of response of 
the block to the response of the massive element as a function of 
input force. Since this ratio is not constant, the implication is 
that there is an energy loss across the piston configuration. It 
should be noted that actually the numbers involved in these results 
are insignificant, since the response of the block represents a 
stress in the block and is therefore dependent on the location of 
the accelerometer on the block. 
This test seems to indicate that the amount of energy lost is 
an inverse function of the force put into the system. Previously 
it was determined that the loss of energy was also a function of 
the frequency of excitation. This then implies that the pistons 
are acting as a damping device similar to the one shown in Figure 6. 
As a function of force, it appears that the greater the 
displacement of the moving element, the better the contact that is 
achieved across the pistons and the greater the efficiency of the 
shaker. As a function of frequency, it would appear that the higher 
the frequency, the more the contact of the pistons is limited by the 
fast oscillations of the massive element. 
In summation, the tests indicated the following results. 
In the first place a minimum pressure of 325 pounds per square 
inch is necessary for holding the shaker in place in order to provide 
a constant output for each frequency. 
Figure 6. Apparent type of damping mechanism caused by 
the pistons. 
Second, the consistency of the response of the system is 
independent of the block. This implies two things: 
First, the block appears as an infinite mass to the moving 
element and therefore the response measured on the block is due to 
a stress in the block. 
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Secondly, the system is only a single-degree of freedom system 
since the resonant frequencies remained constant when the mass was 
changed. 
The third result of testing is determination of the transmissibility 
of energy to the rock. This seems to be an inverse function of 
the driving force. Also, significant transmission existed for an 





For a prototype model, this shear wave generator worked quite 
effectively. However some improvements should be made. 
In order to provide a greater band width of frequency, a 
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lower natural frequency spring set should be constructed. The 0.03 
inch set seemed to give good low frequency response before it was 
fatigued by being over-driven. The response from all combinations 
of springs seems to show the capability of the exciter to operate 
over a very wide band. 
An additional improvement would be the addition of a second 
"0"-ring on each of the pistons. This would provide a better air 
seal, a more rigid contact between the piston and cylinder wall, 
and provide greater stability of the piston-gripper plate system 
when it is extended. 
Furthermore, the top plates should be redesigned so that the 
teflon shaft is not the sealing device on the inside of the air 
chamber. Problems were encountered at high pressures with deformation 
of the teflon. This deformation caused leaks in the chamber and 
also caused the teflon to pinch the moving shaft and thus damp the 
motion. Instead of a counter-bore type seal, the top plates should 
be machined with sleeves containing non-rings that fit over the 
teflon and the center post of the connecting bracket (Plate II). 
After suitable improvement in design and mn the electronic 
support equipment, this device should prove to be a very effective 
tool for both the Experimental and the Exploration Geophysicist. 
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Experimentally, the broad continuous frequency response will provide 
a new means of making a thorough study of the propagation and 
attenuation properties of rocks. 
In exploration, the increased frequency band will provide the 
explorationist with a means of identifying buried horizons and 
recognize possible stratigraphic oil reservoirs. Additionally, 
he may be able to use this shear wave source to gain information 
about the porosity of a rock layer and evaluate its probable 
value as an oil bearing horizon. 
It is hoped that this model of a continuous signal exciter 
provides the basis for building a more useful and versitile tool 
capable of meeting the demands put on science and industry for 
increased knowledge about the interior of the Earth. 
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APPENDIX A 
BLUEPRINTS AND PHOTOGRAPHS OF WAVE GENERATOR 
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Plate I. Electrodynamic Random Shear Wave Generator 
SUSPENSION SYSTEH -TOP 
~-:r~f''> - ~ 
, <>: ~,...:::.;::.::!..5----l,l-/-tW-f-11~~ 
SUSPENSIO~I SYSTEM-
BOTTOM PISTONS ------~~~~~d. 
Plate II. Schematic of Vibrator 
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AC COIL 
TEFL ON SLEEVE 
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Plate III. Suspension System 
A. Air cylinder 
B. Gripper Plates 
C. Stops 
D. Retracting spring assembl~ 
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Plate IX. B A I L 
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PlateX. ·TEST BLOCK. 
Plate XI. Test Setup 
A. Air line 
B. Suspension devices 
c. Test block 
D. Coil chamger 
38 
APPENDIX B 
COMPUTATION OF THE SPRING CONSTANTS FOR VARIOUS 
COMBINATIONS OF THICKNESSES 
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COMPUTATION OF THE SPRING CONSTANTS FOR VARIOUS 
COMBINATIONS OF THICKNESSES 
Using Equation 2 and the machined thicknesses of the four 
springs, the spring constants and natural frequencies can be 
computed for each combination. 
Since: 
Then inserting the known constants, this becomes: 
k = 33 x 106 t 3 pounds/inch 
For the thicknesses given in the text, the spring constants 
are: 
891 pounds per inch 
11,319 pounds per inch 
315,613 pounds per inch 
k4 = 1,899,011 pounds per inch 
For the spring mass system shown in Figure 3-b, the natural 





In the following table, the natural frequencies are shown for 
each combination. Also given is a comparison of the computed value 
with the actual value determined experimentally. 
Natural Frequencies 
Spring Combination k + k f f Experimental 
m n n n 
0.07 + 0.07 22,638 157.5 195.0 
0.07 + 0.21 3,316,932 588.3 525.0 
0.07 + 0.33 1,i'll0,330 l45l.l 855.0 
0.21 + 0.21 611,226 820.1 870.0 
0.21 + 0.33 2,204,624 1574.0 1000.0 
0.33 + 0.33 3,798,022 2043.0 1110.0 
inches lb/inch hertz hertz 
The 0.03 inch springs were discarded when they became 
fatigued from over driving. 
The mass for these calculations in 0. ~7'2'8 slugs. 
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APPENDIX C 
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COHPUTATIOl'J OF DA11PING AT RESONANCE 
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Graph 7 
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COMPUTATION OF DAMPING 
From the graph on the previous page: 
f 1 = 191 hertz 
f 2 = 199 hertz 
Ratio of Critical Damping = 
Ratio of Critical Damping = 




Damping Coefficient = 2 x Ratio of D.C. x ~ 
Damping Coefficient, c, < l.L.b slugs per second 
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D.C. = 40 A 
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Graph 8 
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